ABSTRACT Antibodies were raised against a cytoskeleton-associated, nonphosphorylated, 230,000-dalton bovine lens polypeptide (designated p230), and rendered monospecific by using a novel immunoaffinity technique. In immunofluorescence and electron microscopy of cultured fibroblasts, as well as of various other cells (endothelial, epithelial, lenticular, monocytes, neuroblastoma cells) and tissues (human kidney and liver), p230 was localized as a distinct subplasmalemmal layer in the peripheral cytoplasm of the cells. It constituted <0.3% of the total cellular protein in cultured fibroblasts and was not extractable with Triton X-100. In detergent-extracted cytoskeletal preparations of cultured fibroblasts, p230 remained as an elaborate peripheral network that showed a distribution distinctly different from that of the major cytoskeletal structures, stress fibers, cortical myosin, vinculin, and intermediate filaments (IF). The distribution was not dependent on the presence of intact stress fibers or microtubules, as shown by double-fluorescence microscopy of cells exposed to cytochalasin B or cultured in the presence of monensin and of cold-treated cells. Upon demecolcine-induced reorganization of intermediate filaments, however, the localization of p230 was rapidly altered to a dense plaque underneath the perinuclear aggregate of intermediate filaments. On the other hand, p230 seemed to colocalize with the detergent-resistant cell surface lamina, visualized in fluorescence microscopy with fluorochrome-coupled wheat germ agglutinin-lectin. The results suggest that p230 is part of a cell surface-and cytoskeleton-associated subplasmalemmal structure that may play an important role in cell surface-cytoskeleton interaction in various cells both in vitro and in vivo.
from Dr. K. Nilsson (Wallenberg Laboratory, University of Uppsala, Sweden). They were cultured in Minimum Essential Medium (MEM) supplemented with 10% FCS and antibiotics and were induced to differentiate with 12-O-tetradecanoyl-phorbol-13-acetate (TPA, 10 -~ M). Endotbelial cells were harvested from human umbilical cords by perfusion with 0.2% collagenase-treatment and were cultured in Ham's FI0 medium (Gibco Biocult, Glasgow, Scotland), supplemented with 20% pooled human AB serum (Finnish Red Cross Blood Transfusion Service, Heisinki. Finland) and antibiotics as described previously (15) . 75 #g/ml endothelial cell growth supplement (ECGS, Collaborative Research, Cambridge, England) was used. Mononuclear leucocytes were isolated by standard techniques from the burly coat fraction of human blood and cultured as described elsewhere (16, 17) . Nonadherent cells were discarded and the adherent cells were subeultured. In 4-7 d, a distinct differentiation into macrophagelike cells was observed (17) . Human amnion epithelial cells were obtained for a primary culture from human amniotic membranes separated from full-term postpartal placentas, and cultured in RPMl-medium with 10% FCS and antibiotics as described elsewhere (18) . Bovine lens cells were cultured from smaU pieces of anterior capsule or marginal zone, which were trypsinized (0.5% Trypsin-TPCK; Worthington Biochemical Co., Freehold, N J) for 30 min. The cells were washed and plated in petri dishes in RPMl-medium with 10% FCS. Human red blood cells were obtained from the Finnish Red Cross Blood Transfusion Service. Red blood cell ghosts were prepared as described by Stecket al. (19) .
Detergent-resistant, substratum-attached cytoskeleton preparations were produced by treating subconfluent ceils with 0.5% (wt/vol) Triton X-100 (BDH Chemicals, Poole, England) in 40 mM Tris-HCl buffer, pH 7.2, with freshly added 1 mM phenylmethylsulfonyl fluoride (PMSF, Sigma Chemical Co., St. Louis, MO.) for 30 min as described earlier (20) . This treatment removes most of the cellular proteins but leaves microfilaments, microtubules, and intermediate filaments intact, and, when performed at 4°C, also disrupts microtubules (20) . For some experiments, human embryonic fibroblasts were exposed to demecol-FIGURE 1 SDS PAGE analysis of the cytoskeletal preparation of bovine lens tissue and the fractions obtained from hydroxyl apatitecolumn chromatography during preparation of the nonvimentin 120,000-and 230,000-dalton pps of the bovine lens tissue. Coomassie Blue-staining. Lane 1, cytoskeletal preparation of bovine lens tissue shows major polypeptide bands of 230,000-, 120,000-, 58,000-, 40-43,000-, 30,000 daltons, and low Mr-material representing residual crystallins. Lane 2, run-through fractions of the urea- §olubilized lens cytoskeleton preparations applied on hydroxylapatite column and washed with 6 M urea in NaCI-P buffer, 0.1% 2-mercaptoethanol, shows an enrichment of the 58,000-dalton polypeptide representing vimentin, and several smaller Mr polypeptide bands probably representing actin, degradation products of vimentin (31) , and residual crystallins. Lanes 3-6, fractions eluted from the hydroxylapatite column with a linear phosphate-gradient (10 raM-200 mM) show a distinct enrichment of polypeptide bands with Mr 230,000 and 120,000 daltons. The molecular weight markers (Radiochemical Centre) are indicated on the left-hand side.
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THE IOURNAL Of CELL BIOLOGY -VOLUME 96, 1983 FIGURE 2 Identification of the fibroblast polypeptides reactive with the affinity-purified anti-p230. Cultured fibroblasts were harvested and electrophoresed in 8% slab gel and then transferred to nitrocellulose paper. Adjacent lanes were cut and one of them was stained with 0.1% amido black, 45% methanol, 10% acetic acid to visualize the polypeptide bands (lane 1) while the other (lane 2) was exposed to the anti-p230 and thereafter to swine anti-rabbit IgG, rabbit peroxidase/anti-peroxidase complex and DAB as described in Materials and Methods. The anti-p230 specifically reacts with a fibroblast polypeptide of a Mr of 230,000 daltons. Molecular weight markers are indicated on the left-hand side.
cine (l #g/ml: Colcemid. Ciba, Milan, Italy) for 12 h, to I0 #g/ml of cytochalasin B (Sigma Chemical Co.) for 30 rain or were plated and cultured in the presence of 10/zM monensin (Eli Lilly, Indianapolis, IN) for 12-24 h as described (21) .
Production of Anti-p 230 Antibodies (Anti-p230):
Bovine eye lenses were homogenized in cold NaC1-P buffer (10 mM phosphate buffer, pH 7.2, 140 mM NaC1) supplemented with 1 mM PMSF and 0.5 mM N-a-ptosyl-L-lysine chloromethyl ketone (TLCK; Sigma Chemical Co.). The particulate material was harvested by a low-speed centrifugation and then extracted twice with 0.5% (wt/vol) Triton X-100 in 50 mM Tris-HCl buffer, pH 7.2, 1 mM PMSF, 0.5% TLCK and then with low-and high-ionic, actomyosin-extracting buffers as described earlier (20) . The cytoskeletal preparation was dissolved in 8 M urea in 50 mM Tris-HC1 buffer, pH 7.3, 5 mM MgC12, 5 mM dithiothreitol for 4 h on ice. Undissolved material was removed by centrifugation. The supernatant was dialyzed against 6 M urea in NaCI-P buffer, 0.l% 2-mercaptocthanol and then applied on a bydroxylapatite column (HA-Ultrogel, LKB, Bromma, Sweden), equilibrated with the same buffer. The column was thoroughly washed with the same buffer, and the attached material was eluted using a linear phosphategradient (10 mM-200 mM). The fractions containing the cytoskeletal polypeptides of 120,000 and 230,000 daltons (see Fig. 1 ) were pooled, dialyzed against water, and lyophilized. I mg of the lyophilized material in 0.5 ml of NaC1-P buffer was dissolved in 0.5 ml of Frcund's complete adjuvant and injected i.d. at multiple sites in a rabbit. A booster injection was given 4 wk later, and the rabbit was bled 7 d after the booster. Affinity purification of the anti-p230 was performed by incubating the crude hyperimmune serum with nitrocellulose strips containing the p230-bands, electrophoretically transferred from the polyacrylamide gel (see below). The strips made an affinity matrix containing ~ 100-300 /tg of the antigen when transferred from two overloaded polyacrylamide gels and contained only the p230-doublet as judged by reelectrophoresis. Before mixing with the antiserum, the strips were soaked in NaC1-P buffer, 3% bovine serum albumin (BSA) to prevent nonspecific binding of serum proteins. After incubation with the hyperimmune serum, the strips were extensively washed with NaCI-P buffer, and the bound antibodies were ¢luted with 0.2 M glycine, pH 2.8, neutralized with sodium hydroxide, and dialyzed against NaC1-P buffer.
Metabolic Labeling and Immunoprecipitation:
For metabolic labeling, subconfluent cultures of human fibroblasts were kept for 2 h in methioaine-depleted RPMI 1640 medium without fetal calf serum. Thereafter, 20 #Ci/ml of L-[:J'~Slmethionine (600 Ci/mmol, Radiocbemical Centre, Amersham, England) was added and the cells were kept in culture for an additional 24 h. For metabolic labeling with radioactive phosphorus, the cells were cultured in phosphate-free MEM, supplemented with 1(30/aCi/ml of phosphorus-32 (Radiochemical Centre) for t2 h.
For immunoprecipitation experiments, metabolically labeled cells from one 90-ram culture dish were dissolved in 70 ~1 of 0.1% (wt/vol) sodium dodecyl sulphate (SDS; Merck, Darmstadt, FRG) in 50 mM Tris-HC1 buffer, pH 7.2, 150 mM NaC1. Undissolved material was removed by centrifugation and the supernatant was heated at 95°C for 3 min after which 10% (wt/vol) Triton X-100 and 10% (wt/vol) sodiumdesoxycholat (DOC; Merck) were added to a final concerttration of 1%. Two #,1 of nonimmune rabbit serum (10 mg/ml) was added to the supematant for 10 rain followed by addition of 60 #1 (wt/vol) of 10% solution of washed Protein A-Sepharose CL-4B beads (Pbarmacia, Uppsala, Sweden) in 50 mM Tris-HCl buffer, pH 7.2, 150 mM NaCI. After centrifugation, the supernatant was collected and divided in two. 1/d of nonimmune rabbit serum (10 mg/ml) was added to one portion, and I pl of the anti-p230 (10 mg/ml) to the other. After incubation overnight at 4°C, Protein A-Sepharose beads were added as described above for 30 min. The antigen-antibody-protein A-Sepharose-complexes were harvested by centrifugation and washed twice with 50 mM Tris-HCl buffer, pH 7.2, 150 mM NaCI, twice with 50 mM Tris-HCl buffer, pH 7.2, 150 mM NaCI, 0.1% SDS, 1% Triton X-100, 1% DOC and twice with 50 mM Tris-HC1 buffer, pH 7.2, before analysis in PAGE.
Electrophoretic Techniques and Identification of the Immunoreactive Polypeptides with the Anti-p230: PAGE in the presence of SDS was performed on 6.5% or 8% slab gels with 3% stacking gel according to Laemmh (22) . Densitometric analyses of the ¢lectrophoretically separated polypeptides were performed using a Joyce-Loebl Chromoscan-densitometer (Joyce & Loebl Co, Ltd., Gatcshead, England). For fluorography, the gels were processed according to Laskey and Mills (23) . Dried gels were autoradiographed on Kodak X-Omat film, and for :~P-autoradiography intensifying screens were used.
Transfer of electrophoretically separated polypeptides onto a nitrocellulose paper was carried out in 25 mM Tris-HCl buffer, pH 8.3, 192 mM glycine, 20% (vol/vol) methanol, using a commercial blotting apparatus (Trans-Blot, Bio-Rad Laboratories, Richmond, CA) according to the method ofTowbin et al. (24) . For immunoblotting, the nitrocellulose sheets were soaked in NaCI-P buffer, 3% BSA, [0% normal swine serum (NSwS) for 120 min, washed and then exposed to 50 /~g/ml of the anti-p230 in NaCI-P buffer 3% BSA, 10% NSWS for 6 h. After washing, the nitroccUulose sheets were incubated with 50 #g/ml of swine antirabbit IgG (DAKO Immunochemicals, Copenhagen, Denmark) for 60 rain, washed and then exposed to 25 #g/ml of peroxidase/rabbit anti-peroxidase complex (DAKO). After 30 min incubation, 3,Y-diamino-benzidin-tetrahydrocblorid (DAB; Fluka AG, Buchs, Switzerland) in 10 mM Tris-HC1 buffer, pH 7.5, 0.05% H202, was added to develop the pcroxidase reaction.
Immunofluorescence Microscopy: For indirect immunofluorescence (IIF) microscopy, whole cells were fLxed either in 2.5% (wt/vol) paraformaldehyde in NaCI-P buffer (PF-fixation), in -20°C methanol for 5 min, or in paraformaldehyde as described above but followed by treatment with 0.01% Nonidet-40 (NP-40; BDH Chemicals) (PF-NP-fixation) to permeabiliz¢ the cells (25) . Triton X-100-extracted cytoskeletal preparations were fixed in paraformaldehyde. For a study of suspended cells in IIF, trypsinized (0.25% Trypsin TPCK) cells were allowed to attach onto coverslips coated with poly-L-lysine (Type II, Sigma Chemical Co.) and then fixed with paraformaldehyde and permeabilized wilh NP-40. Cryostat sections of deep frozen specimens of human tissues were fixed in -20°C methanol for 5 rain. After Hxation, the specimens were reacted with the primary antiserum and then exposed to fluorescein isothiocyanate (FITC)-or tetramethyl rhodamine isothiocyanate (TRITC)-conjugated second antibody (usually goat anti-rabbit IgG antiserum, Cappel Laboratories Inc., Cochranville, PA~ Control experiments employing rabbit preimmune serum or anti-p230 antiserum preabsorbed with purified p230 gave negative staining results on all cells and tissues studied.
Rabbit antivimentin antibodies have been characterized elsewhere (18) . Vinculin was isolated from chicken gizzard as described by Feramisco and Burridge (26) and antivinculin antibodies were raised in rabbits as described elsewhere (17). Affinity-purified rabbit antiactin and antimyosin antibodies (27) were a kind gift from R. A. Badley (Unilever Research, Sharnbrook, England). For double-labeling experiments, also monoclonal human antivimentin antibodies (18) were used. For visualization of filamentous (F) actin, NBD-phallacidin (Molecular Probes Inc., Piano, TX) (28) was used in some experiments. The surface lamina of the cytoskeletal preparations of cultured fibroblasts was visualized by using TRITC-conjugated wheat germ agglutinin lectin (WGA) (Vector Laboratories, Burlingame, CA) as described in detail elsewhere (29) . The specimens were studied in a Zeiss Universal microscope equipped with an epiilluminator III RS, phase contrast optics and filters for FITC-and TRITCfluorescence.
Immunoelectron Microscopy (IEM):
For IEM, subconfluent fibroblasts, cultured in petri dishes, were fixed in 0.1% glutaraldehyde in 0.1 M Na-cacodylate buffer, pH 7.2, containing 0.05% saponin (BDH) for 30 min. Thereafter the cultures were exposed to the anti-230p in the presence of 1% normal sheep serum, 3% BSA and 0.05% saponin. Subsequently, the specimens were exposed to biotinylated goat anti-rabbit IgG, avidin-biotinyl-peroxidase complex (Vectastain, Vector Laboratories) and DAB in 50 mM Tris-HCl, pH 7.6 with freshly added H~O.z. Controls which included rabbit preimmune serum as a primary antiserum and preabsorption of anti-p230 with purified p230 gave negative staining results. The cells were postfixed in 1% osmium tetroxide, dehydrated, and embedded in Epon 812. Horizontal and vertical sections were made and, either unstained or after staining with uranyl acetate and lead citrate, examined in a Jeol 100CX electron microscope at the Department of Electron Microscopy, University of Helsinki.
RESULTS

Production and Characterization of Anti-p230
In SDS P A G E analysis of cytoskeletal preparations of lens tissue only a few major polypeptides were present (Fig. 1, lane   1) . The most prominent polypeptides had Mr of 230,000 (a doublet), 120,000, 58,000, and 4~45,000 daltons, the latter two being identifed as vimentin and actin, respectively, in numerous studies (for a review, see reference 30). Moreover, there was also low Mr material which represents residual crystallins (30) . To further purify the 230,000 and 120,000-dalton polypeptides, we took the advantage of the fact that vimentin can be removed from lens cytoskeletal material using hydroxylapatite (HA) column chromatography (31) . Electrophoretic analysis of the HA-column eluate indicated that the 230,000-and 120,000-dalton-proteins could be eluted without vimentin if thoroughly preextracted cytoskeletal lens preparations were used as a starting material (Fig. 1, lanes 2-6) . The eluted 230,000-dalton protein seemed to represent the higher Mr band of the 230,000-dalton pp doublet seen in unfractionated lens cytoskeletal material (Fig. 1, lane I) .
IIF-microscopy with the crude hyperimmune serum raised against the 120,000-and 230,000-dalton protein-containing HA-fractions showed positive staining reaction in both cultured fibroblasts and lens tissue sections. In immunoblotting, the antiserum reacted with lens cytoskeletal polypeptides of Mr 120,000 and 230,000 daltons while in fibroblasts only a reaction with a 230,000-dalton band was seen (not shown). In order to affinity-purify the antibodies reacting with the 230,000-dalton polypeptides, present in both lens tissue and fibroblasts, we incubated and eluted the crude hyperimmune serum with electrophoretically separated 230,000-dalton bands fixed in nitrocellulose paper as described in Materials and Methods. Fig. 2 (Fig. 2) . The monospecificity of the antip230 was demonstrated also by immunoprecipitation in which a specific reaction was only seen with a polypeptide of Mr 230,000 daltons (Fig. 3, lanes 1 and 2) . Parallel immunoprecipitation with 32P-labeled cells showed that the precipitated 230,000-dalton polypeptide is not phosphorylated under normal culture conditions (Fig. 3, lanes 3 and 4) .
Triton X-lOO-Extractability of p230
To study the detergent-resistance of p230, we harvested confluent ceils from one culture dish by trypsinization and then extracted them twice with a small volume of Triton X-100 as described above. The extracts were ultracentrifuged and the resulting supernatants and the nonextractable pellet were run in SDS PAGE. The gel was stained with Coomassie Brilliant Blue and the lanes were scanned in a Joyce-Loebl densitometer. Fig. 4 shows that p230 remains in the Triton-nonextractable material. The doublet constitutes <0.3% of the total cellular protein. Fig. 4 also shows that the Triton-extractable polypeptide showing a slightly lower Mr than p230 probably represents cytoplasmic cellular fibronectin as judged from its coelectrophoresis with purified cellular fibronectin (BRL, Bethesda, MA) (Fig. 4) .
IF Findings -ANTI-P230 I N C U L T U R E D H U M A N F I B R O B L A S T S "
Antip230 did not show reaction with intact cultured fibroblasts fixed with paraformaldehyde (Fig. 5 a) , indicating that p230 is not exposed at the cell surface, while in cells fixed with methanol a fmely reticular, surface-associated fluorescence was seen (Fig. 5 b) . A surface-associated, yet somewhat more distinctly meshworklike reticular cytoplasmic staining was also seen in cells fixed with paraformaldehyde and subsequently permeabilized with NP-40. A similar, strong reaction was seen in Triton-cytoskeletons of the cells in which the antiserum decorated a subplasmalemmal, laminalike reticulum which seemed to correspond to the whole substratum attachment area of the cell and which also bridged the nucleus as a domelike structure (Figs. 5 c-h) . Interestingly, in some cells p230-reticulum was lacking around the nuclear area and in these cells short fiberlike formations seemed to connect the network to the substratum-facing aspect of the nucleus (Fig. 5 e, g, and h ).
No structural entities were revealed with the anti-p230 in suspended cells which were permeabilized with NP-40 after fixation with paraformaldehyde (25) (Fig. 6a) . Soon after initial spreading, a bright, for the most part subnuclear fluorescence could be revealed in the cells (Fig. 6 b and c) . Later on, the fluorescence could be confined to both the ventral surface and the supranuclear dome of the cell. Moreover, a distinctly ringlike fluorescence could be discerned along the the cell periphery at the ventral surface of the cells (Fig. 6 d) .
FIGURE 7 Fluorescence micrographs of Triton X-100-cytoskeletal preparations of cultured human fibroblasts fixed with paraformaldehyde and stained with antiactin antiserum (a), antivinculin antiserum (b), antimyosin antiserum (c), and anti-p230 (d).
-P230 A N D C Y T O S K E L E T A L S T R U C T U R E S :
The fluorescence pattern obtained with the anti-p230 (Fig. 7 d) was clearly different from the distribution of the other major subplasmalemmal cytoskeletal polypeptides actin, vinculin, and myosin, actin being localized to stress fiberlike structures (Fig. 7 a) , vinculin to surface-associated plaques (Fig. 7 b) , and myosin to both stress fibers and to an elaborate, surface-associated lamina (Fig. 7 c) .
No difference in p230-distribution could be seen if the cells were extracted either in the microtubule-depolymerizing conditions (cold treatment, reference 32) or at 20°C to preserve the microtubular organization (compare Figs. 5 and 8) . However, if the cultured cells were pretreated with demecolcine for 12 h, to disrupt the microtubular system and to induce perinuclear coiling of intermediate filaments (33) , a distinct reorganization of the fluorescence pattern of p230 could be seen (Fig. 8 a and c) . In double-IF microscopy of the demecolcinetreated cells, the anti-p230-fluorescence could be seen to be confined almost exclusively underneath the perinuclear aggregate of intermediate filaments (Fig. 8 c and d) . Fig. 9 shows p230-and filamentous actin in fibroblasts cultured for 12 h in the presence of monensin. The cells lack actin-containing stress fibers (Fig. 9 a) , as shown also previously (21) , but display the p230-pattern indistinguishable from that of control cells in both PF-NP-fixed whole cells and Triton X-100-extracted cytoskeletal preparations ( Fig. 9b and c) . Also the cytochalasin B-treated, PF-NP-fixed whole cells ( Fig. 9 d and e) and Triton X-100-extracted cytoskeletal preparations (Fig. 9f) retained normal p230-distribution (Fig. 9 e and f ) although the microfilament-organization was totally disrupted (Fig. 9 d) .
-P230 A N D T H E D E T E R G E N T -R E S I S T A N T S U R F A C E L A -
MINA: Fig. 10 shows double-staining with TRITC-WGA, decorating the detergent-resistant cell surface domains which carry externally disposed sialic acid residues (29) , and with anti-p230. Both stainings show a similar location (Fig. 10a and  b ) although usuall 3 a weaker reaction was seen with anti-p230 at cell edges. An extensive and almost complete codistribution was seen, however, in central areas and especially at the ventral surface of the cells (Fig. 10c and d) . When focused at the dorsal surface of the cells, a more diffuse staining was seen, showing, however, a clear codistribution of the fluorescence patterns ( Fig. 10e and f) . -P230 IN HUMAN TISSUES: At tissue level, the distribution of p230 was studied in human liver and kidney. In liver parenchyme, p230 was seen in hepatocytes in which it showed a distinctly circumferential organization in the periphery of the ceils (Fig. 13 a) . In the bile duct epithelium, p230 was seen as a peripheral band, as well (Fig. 13 b) . In the vascular bed, p230 was seen in endothelial ceils but not in the muscle cells of the vessel walls (Fig. 13 c) . In kidney, p230 was found in tubular epithelium (Fig. 13dand e) and throughout the glomeruli (Fig.  13f) . In tubuli, the staining pattern was variable in that in some parts a circumferential staining was seen while in other parts a distinctly basal staining pattern was seen.
Imrnunoelectron Microscopy (IEM)
In IEM, p230 was localized as a narrow, dense rim at the cytoplasmic face of the plasma membrane in GA-saponin-fixed fibroblasts (Fig. 14a-d) . Often, dense accumulations of cytoplasmic fdaments were seen associated with p230-condensations (Fig. 14b and c) . No decoration of the outer cell surface could be seen. FIGURE 9 Fluorescence micrographs of fibroblasts after staining with NBD-phallacidin ( a a n d d ) o r w i t h a n t i -p 2 3 0 ( b , c, e, and t). 
Detection of an immunoanalogue of p230 in Human Red Blood Cells
Transfer of electrophoretically separated polypeptides of Triton HX-100-extracted human red blood cell ghosts to nitrocellulose and a subsequent exposure to anti-p230 revealed a cross-reacting polypeptide of Mr 230,000 daltons (Fig. 15) . The detergent resistance and electrophoretic mobility strongly suggest that this 230,000-dalton protein represents a-spectrin (cf. reference 34).
DISCUSSION
The role of cytoskeleton as the organizational framework of the cell has been elucidated in detail in human red blood cells (35). This has been achieved to a great extent by applying nonionic detergent-treatments which tend to preserve proteinprotein interactions (36) , known to be important in the maintenance of the cytoskeletal architecture of the cells (35). With the same kind of approach, the major cytoskeletal components of cultured adherent cells have been revealed, as well (1,4, 20) . Such studies have also shown that cytoskeletal structures interact with each other and with plasma membranes and have an influence on cell surface phenomena (6, (37) (38) (39) (40) (41) . The molecular mechanisms of these interactions have remained, however, still largely unelucidated.
In this study we describe a novel polypeptide of Mr 230,000 daltons that resists Triton X-100-treatment and remains in the cytoskeletal preparations of cultured human fibroblasts. Immunolocalization studies on various unextracted cells, cytoskeletal preparations and tissue sections indicated that p230 has a peripheral localization at the cytoplasmic aspect of the plasma membrane. It appeared to distribute homogeneously throughout the cellular domain although in many cultured fibroblasts also p230-free areas were found, especially in a subnuclear location. On the other hand, in some epithelial cells, in endothelial cells, and especially in monocyte-derived macrophages, a prominent, plate-or ring-like organization was seen at the ventral surface. The well-preserved organization of the other cytoskeletal structures indicates that the detergenttreatment does not lead to deterioration or collapse of the cytoskeletal architecture, ruling out the possibility of artefactual association of p230 with neighboring structures. P230 did not show codistribution with the major detergent-resistant, cytoskeletal structures. In this respect it differs from such cytoskeleton-associated proteins as synemin (11) and paranemin (12) , which show a complete codistribution with intermediate filaments. Cold-treatment, which disrupts microtubules but does not affect intermediate filaments (32) , did not seem to have any effect on the distribution of p230. Besides fibroblasts, the differential distribution of actin and p230 was also seen in monocyte-derived macrophage. Moreover, in cells cultured in the presence of monensin and in cytochalasin B-treated cells, both of which lack actin-containing stress fibers (21), p230 displayed an unaltered distribution. On the other hand, the p230-network responded strikingly to demecolcine-treatment which causes depolymerization of microtubules and brings about perinuclear coiling of intermediate filaments (33) . These results suggest that p230-organization is not directly dependent on microfilament-or microtubular organization but may be, in some way, interlinked with intermediate filaments. The mechanism of this possible linkage is, however, unclear. We have recently presented evidence for interaction between plasma membrane-and intermediate filaments in cultured fibroblasts, and in some other cell types, such as chicken red blood cells and bovine eye lens cells, vimentin-type intermediate filaments have been convincingly shown to interact with plasma membrane or with subplasmalemmal material (42) (43) (44) , making a direct contact between these filaments and p230 a feasible possibility. The demecolcine-induced concomitant alteration in p230 and intermediate filament organization raises also the interesting possibility that demecolcine may exert at least some of its effects on cellular functions by acting directly on p230.
We have previously shown (29) that the WGA-reactive material of the cytoskeletal preparations of cultured fibroblasts corresponds to the so-called surface lamina which includes detergent-resistant cell surface proteins, gangliosides, and peripheral plasma membrane components (5, 6, 39) . In intact, paraformaldehyde-fixed ceils the WGA-staining appears homogeneous while after prior detergent-treatment a gradual increase in the porosity of the staining pattern can be seen (29) . This is probably due to passive lateral movement of the WGAreactive cell surface components induced by detergent-extraction of most of the plasma membrane lipids. This compares well with what is seen in this study with anti-p230 after various ftxations; after methanol, a rather homogeneous submembranous staining, and, after detergent, a more reticular staining can be seen. It seems that the former staining pattern of p230 is closer to the native situation. The latter, on the other hand, probably represents redistribution of p230 after the lipid depletion. This concomitant alteration in cell surface and subplasmalemmal organization suggests that there is a physical association between these components. In line with this, we have recently found that the WGA-receptor-p230-association is preserved also in cytochalasin B-treated, enucleated human fibroblasts (Laurila, P., I. Virtanen, and V.-P. Lehto, in preparation).
On the basis of the above results we suggest that p230 forms a peripheral, subplasmalemmal layer which is part of the cell surface lamina. As such, p230 probably has direct interactions with plasma membrane--either hydrophobic association with plasma membrane lipids or protein-protein interactions with integral plasma membrane proteins--and also with cytoskeleton, especially with intermediate filaments.
Since the submission of this paper there have been reports on a nonerythroid protein of M, over 200,000 daltons which has been shown to be immunologically cross-reactive and biochemicaily analogous to a-spectrin of erythroid cells (45) (46) (47) . On the basis of these results, we have shown in this study that also anti-p230 reacts with an adult human red blood cell polypeptide showing an electrophoretic mobility of a-spectrin. Although we have not yet performed studies to detect possible biochemical identity, it seems evident that p230 belongs to a family of spectrinlike molecules that currently includes brain fodrin (48) , intestinal brush border proteins TW 260/240 (45) , and brain spectrin (46) . It is interesting that Glenney et al. (49) have recently shown that porcine brain fodrin, a spectrinrelated protein, has actin-binding and cross-linking properties, pointing to a possible spectrinlike function in the submembranous cytoskeleton organization. Our results showing unaltered p230 in cytochalasin-B-treated and in monensin-exposed cells would suggest that, as an actin-binding protein, p230 would rather provide a mechanical support for micro filament formation than to be itself dependent on actin organization. Clearly, p230, together with other spectrin-related proteins, deserves further study as an important structural component 14 Immunoelectron micrographs of cultured fibroblasts after staining with antip230. Glutaraldehyde/O.01% Triton X-100-treated cells were stained with anti-p230 and then by using Vectastain as described in Materials and Methods.
FiGure 15 I d e n t i f i c a t i o n of p230-cross-reactive material in human red blood cells (HRBC). HRBC-ghosts, further extracted with 0.5% Triton X-100, were electrophoresed, the polypeptides were transferred to nitrocellulose and then stained for proteins or exposed to anti-p230 as in Fig. 2 . Lane I shows protein staining of the separated polypeptides and lane 2 the anti-p230-reactive polypeptides.
which may play, analogous to spectrin-complex in erythrocytes, a crucial role in the stabilization of cytoskeleton-plasma membrane associations in cultured adherent cells.
